During spatial navigation, women typically navigate an environment using a landmark strategy, whereas men typically use an orientation strategy. To examine the as yet unknown effects of sexual orientation on these normative sex differences, this study required 80 healthy heterosexual and homosexual adult men and women to provide directions from experimental maps for 4 routes. The frequency and type of strategy used by each participant were computed. Expected sex differences were demonstrated, and a robust cross-sex shift was shown by homosexual men in using landmarks. This remained after controlling for differences in mental rotation, directional sense, and general intelligence. The findings may limit the number of putative neurodevelopmental pathways responsible for sex differences in navigation strategy utility.
Sex differences in spatial navigation are among the most robustly demonstrated human sexual dimorphisms in spatial cognition and often exhibit large statistical effect sizes (Astur, Ortiz, & Sutherland, 1998; Kimura, 1999) , second only to the sex difference (favoring men) in mental rotation (Voyer, Voyer, & Bryden, 1995) . Human navigation is reliant on several skills, but there are two major strategies for goal-directed navigation (or way-finding ability): the use of either a landmark strategy or an orientation strategy. Landmark strategies use environmental information and descriptors, such as the point at which to turn right or left (e.g., "turn right at the church") in addition to detailed visual information about these points or landmarks. An orientation strategy relies on euclidean spatial representations and descriptors, including cardinal directions and distance information (e.g., "the bar is 5 miles in an easterly direction"). The utility of these strategies shows marked sexual dimorphism in humans with women using a landmark strategy on average more than men and men using an orientation strategy on average more than women (e.g., Dabbs, Chang, Strong, & Milun, 1998; Lawton, 1994; Saucier, Green, Leason, MacFadden, & Elias, 2002) .
These sex differences have been demonstrated in paper-andpencil route-learning tests (Choi & Silverman, 1996; Dabbs et al., 1998; Galea & Kimura, 1993) , tasks using photographs (Holding & Holding, 1989) , experimentally manipulated virtual reality computer simulations (Astur et al., 1998; Moffat, Hampson, & Hatzipantelis, 1998; Sandstrom, Kaufman, & Huettal, 1998) , and reallife route-learning tasks (Lawton, 1994; Saucier et al., 2002; Silverman et al., 2000) .
Further evidence suggests that this sex difference arises from a genuine difference in strategy rather than in ability or attentional processing (MacFadden, Elias, & Saucier, 2003; Saucier et al., 2002) . Additionally, studies in children demonstrate that these sex differences may appear between 5 and 12 years of age (Choi & Silverman, 2003; Gibbs & Wilson, 1999) . The cognitive origins of these sex differences are unclear, although some studies suggest an association among male-typical navigational performance, orientation strategy usage, and mental rotation performance (Galea & Kimura, 1993; Moffat et al., 1998; Silverman et al., 2000) . Developmentally, it appears that male-typical navigational strategies develop after basic spatial processes (e.g., mental rotation; Choi & Silverman, 2003) . However, the relationship between spatial location memory (a female-favoring spatial memory domain; Eals & Silverman, 1994) and landmark strategy usage is unclear. One study reported no associations in young girls (as young as 9 years), whereas adolescent girls (14 -17 years) showed positive associations among location memory, performance on the Spatial Relations Test (from the Primary Mental Abilities Battery), and landmark strategy utility (Choi & Silverman, 2003) .
It is important to note that although the two navigation strategies differ with respect to the spatial terminology used (e.g., cardinal or landmark), they may not necessarily differ in their respective frames of reference. Both may rely on allocentric (extrinsic) and egocentric (person centered) reference frames depending on the task used. For example, in tabletop maps, both egocentric and extrinsic reference frames are used because individuals essentially encode the information in relation to themselves (the map is always positioned relative to the subject) and inspect the "environment" from above (extrinsically).
In addition to between-sex cognitive dimorphism, several reports from independent laboratories demonstrate within-sex variation in some components of spatial cognition attributable to sexual orientation. Studies have consistently demonstrated that heterosexual men outperform homosexual men on male-favoring tests such as Mental Rotation, the Water Level test (a test of spatial perception), and Judgment of Line Orientation (Gladue, Beatty, Larson, & Staton, 1990; McCormick & Witelson, 1991; Neave, Menaged, & Weightman, 1999; Rahman & Wilson, 2003b; Sanders & Ross-Field, 1986; Wegesin, 1998) . One report also demon-strated that homosexual men performed better than heterosexual men on a female-favoring spatial location memory test . Homosexual women do not appear to differ from heterosexual women on most cognitive measures except for verbal fluency, for which performance is in the maletypical direction (i.e., lower scores; .
As with normative sex differences in spatial cognition, a proximate mechanism based on the role of prenatal gonadal hormones has been proposed for sexual orientation-related differences (Collaer & Hines, 1995) . The prenatal androgen theory proposes that cognitive and behavioral differences between the sexes are under the control of organizational gonadal androgens. Homosexuals of both sexes are predicted to follow sex-atypical patterns of cognitive performance consistent with the atypical shift in their sexual partner preference under the actions of these prenatal androgens (Ellis & Ames, 1987; Rahman & Wilson, 2003a) . Thus far, the pattern of cross-sex shifts for cognitive function in homosexual men (and to some extent in homosexual women) offers some support for this theory.
In the current study, navigation strategy was measured using Dabbs et al.'s (1998) modified maps from Choi and Silverman (1996) in healthy adult heterosexual and homosexual men and women. We are concerned with the spatial terminology used (locatives such as cardinal directions and landmarks) rather than the frames of reference. Based on the extant literature, it was predicted that homosexual men and heterosexual women would use a landmark-based strategy in comparison to heterosexual men, who would use an orientation-based strategy. Homosexual women were expected not to differ in strategy usage from heterosexual women given the absence of consistent female sexual orientation effects on spatial cognition. To our knowledge, this is the first study to examine sexual orientation-related differences in navigational strategy. Participants also completed Mental Rotation and Spatial Location Memory Tests to clarify previously reported ambiguous associations with navigational strategy. We used Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) Vocabulary subtest scores to control for general cognitive ability (because putative group differences in specific cognitive skills may be masked by differences in overall ability). Vocabulary tests tend to be sex neutral and reflect crystallized IQ, although we note a growing controversy concerning their utility as measures of general IQ. Finally, the Money Standardized Road Map Test of Direction Sense was used to control for possible group differences right-left orientation or sense of direction with respect to performance on tasks involving topographical displays, such as tabletop maps (Lezak, 1995) .
Method

Participants
Eighty participants (aged between 19 and 42 years) were recruited (20 heterosexual men, 20 heterosexual women, 20 homosexual men, 20 homosexual women). Participants were screened to exclude any history of psychiatric or neurological morbidity, head injury, learning disability, or use of psychoactive medication or drug abuse. Heterosexuals and homosexuals were recruited primarily from university sources (gay and lesbian student organizations in the case of homosexuals) from the southeast and Aberdeen regions of the United Kingdom. Sexual orientation was assessed using self-identification (gay, lesbian, heterosexual, straight, or bisexual), and a single-item question about sexual feelings (attractions and fantasies) rated on a 7-point scale (0 ϭ exclusively heterosexual, 6 ϭ exclusively homosexual). Only participants who responded either 0 and 1 (heterosexual) and 5 or 6 (homosexual) and checked either "gay-lesbian" or "heterosexual-straight" on self-identification took part (bisexual respondents were excluded). Seventy-two of the 80 participants were White; the remaining were of non-White ethnicity (1 Black and 1 East Asian; 6 were classified as "other"). The groups did not differ in age, years spent in education since the age of 5, or handedness scores (evaluated using the Edinburgh, Scotland, Handedness Inventory [EHI]; Oldfield, 1971 ; all ps for two-way analysis of variance [ANOVA] Ͼ .05; Table 1 ). The female groups did not differ in the number using oral contraceptives or in phase of menstrual cycle during cognitive testing (menstrual phase ϭ 2-5 days from the onset of last menstrual period; midluteal phase ϭ 5-10 days counting backward from the onset of the next menstrual period; other ϭ all other days; all ps for 2 Ͼ .05).
Procedure
Written informed consent was obtained from all participants, and the University of East London Ethical Committee for Research Studies approved all procedures. The cognitive battery was administered in a pseudorandom order. Participants were remunerated £5 (ϳ$9.70) for their time.
Cognitive Tasks
Five cognitive tasks were used: Vocabulary subtest of the WAIS-R (Wechsler, 1981) , Mental Rotation, Money Standardized Road Map Test of Direction Sense, Spatial Location Memory, and map task.
Vocabulary. The Vocabulary subtest of the WAIS was used to measure general intelligence. Age-scaled scores were used for analysis.
Mental Rotation. This 10-min 20-item test (Vandenberg & Kuse's, 1978 , adaptation from Shepard & Metzler, 1971 ) required participants to (Money, 1976) . In this paper-and-pencil test of right-left orientation or overall sense of direction, participants were required to tell the direction taken at each turn ("right" or "left") as the examiner traced a dotted pathway along a fictional road map. The test was preceded by a practice trial on an abbreviated pathway in the corner of the map. Errors are scored out of 32 responses; a cutoff of 10 points is recommended for neuropsychological evaluation (Lezak, 1995) . In this study, no participants performed above this cutoff. Performance appears to rely on the integrity of parietal and frontal lobes (Butters, Soeldner, & Fedio, 1972) .
Spatial Location Memory Test. This test was derived from McBurney, Gaulin, Devineni, and Adams (1997) and required participants to match pairs of objects depicted on cards (by turning over two cards at a time) arrayed face down, randomly, and in an irregular pattern on a table. Initially, participants turn over pairs of cards naively but then look for matching pictures by location. The task is preceded by a demonstration trial. Previous work has demonstrated a female advantage on this task (McBurney et al., 1997) , but men also perform better on male-oriented stimuli and women better on female-oriented stimuli (McGivern et al., 1997) . Thus, the test cards included 26 "male cards" depicting male-typical themes and 26 "female cards" depicting female-typical themes (order of presentation was counterbalanced across participants). A rate-of-response measure was computed for each condition as the number of pairs of cards turned divided by the time to complete the task.
Map Task. This task was adapted from the Dabbs et al. (1998) version of Choi and Silverman's (1997) four maps. The maps depict a fictional town, with various landmarks (e.g., buildings, railroad, high school, hospital) and street names, along with a legend showing a cardinal direction scale and a distance scale (1 mile). For each map, the participant was verbally asked to learn the route from one marked location to another (e.g., "Memorial Cultural Centre to General Hospital"). Participants had 1 min to study the map and were then asked to provide directions from one location to another (as if instructing a friend to get from one place to the other). The task was easy to complete, thus permitting an examination of strategies used rather than accuracy of performance (Dabbs et al., 1998; Saucier et al., 2002) . Presentation of the four maps was counterbalanced across participants. The task was scored as the mean frequency (across all four maps) with which each participant mentioned cardinal directions (north, east, south, west), distances (miles), landmarks (e.g., B&O Railroad station), street names, and right or left.
Statistical Analyses
Group differences in cognitive measures were analyzed using general linear model (GLM) factorial (Sex ϫ Sexual Orientation) ANOVA, followed by GLM factorial analysis of covariance (ANCOVA) with covariates (see Results) using SPSS, Version 11.0. Decomposition of significant interactions involved three t tests, with a Bonferroni correction ( p Ͻ .01). All other alphas were set at .05. The effect size for these comparisons is also reported according to standard criteria (Cohen's d ), where d ϭ 0.2 is regarded as a small effect, d ϭ 0.5 a medium effect, and d Ն 0.8 a large effect (Cohen, 1988) .
Results
Vocabulary, Mental Rotation, and Money Road Map Scores
For Vocabulary scores (see Table 1 F(1, 79) ϭ 26.09, p Ͻ .01, with men scoring higher than women overall (d ϭ 1.14) but no other significant effects ( ps Ͼ .10). There was a significant main effect of sexual orientation on Money road map scores, F(1, 79) ϭ 6.71, p Ͻ .05, with homosexuals making more errors than heterosexuals (d ϭ 0.57) but no other significant effects ( ps Ͼ .05). As the preceding cognitive measures show group differences (see Table 1), they will be used as covariates in ANCOVA analyses of navigation strategy.
Spatial Location Memory Test Scores
Analysis of response rate scores revealed no significant main effects or interactions for either male or female conditions (all ps Ͼ .10; see Table 1 ).
Navigation Strategy
There was a significant main effect of sex on cardinal direction usage, F(1, 79) ϭ 8.52, p Ͻ .01, with men scoring higher than women overall (d ϭ 0.66). No other effects were significant ( ps Ͼ .10). There were no significant effects for distances ( ps Ͼ .05), although there was a trend for men to use more distances than women ( p ϭ .06, d ϭ 0.43). For landmark usage, there was a significant interaction between sex and sexual orientation, F(1, 79) ϭ 6.81, p Ͻ .02. Deconstructing this interaction revealed that heterosexual women used significantly more landmarks than heterosexual men, t(38) ϭ Ϫ3.23, p Ͻ .01, d ϭ 1.02, and homosexual men also used significantly more landmarks than heterosexual men, t(38) ϭ Ϫ4.66, p Ͻ .01, d ϭ 1.48 (Table 2 ). There were no differences between heterosexual and homosexual women in landmark usage ( p Ͼ .10). There were no significant effects for use of street names ( ps Ͼ .05). For left-right directions, there was a significant main effect of sex, F(1, 79) ϭ 7.79, p Ͻ .01, with women using them more than men (d ϭ 0.62). There were no other significant effects ( ps Ͼ 0.10; see Table 2 ). A sum of all strategies was also computed (see Table 2 ) and subjected to analysis. There was no main effect of sex, F(1, 79) ϭ 0.46, p Ͼ .10, but there was a main effect of sexual orientation, F(1, 79) ϭ 8.69, p Ͻ .01, with homosexuals producing higher frequencies of the navigation descriptors than heterosexuals. However, there was no significant Sex ϫ Sexual Orientation interaction, F(1, 79) ϭ 1.04, p Ͼ .10.
The addition of Vocabulary, Mental Rotation, and Money road map scores as covariates in ANCOVA analyses eliminated the main effect of sex on cardinal directions, F(1, 79) ϭ 3.06, p Ͼ .05. For landmark usage, a significant Sex ϫ Sexual Orientation interaction remained, F(1, 79) ϭ 6.77, p Ͻ .05. A significant main effect of sex for left-right directions usage and a main effect of sexual orientation for the summed measure also remained in the adjusted models, Fs(1, 79) ϭ 6.06, p Ͻ .05, and 8.21, p Ͻ .01, respectively. All other nonsignificant effects did not change in the adjusted models ( ps Ͼ .05). This pattern of results remained unchanged whether only Mental Rotation and Vocabulary scores were included as covariates (excluding Money road map scores), or only Mental Rotation and Money road map scores were included as covariates (excluding Vocabulary scores).
Discussion
As predicted, men used an orientation-based navigation strategy (cardinal directions) more than women, who used landmarks and left-right directions. However, in the case of landmarks, sex interacted with sexual orientation such that homosexual men demonstrated a robust cross-sex shift, using more landmarks compared with heterosexual men and performing similarly to heterosexual women, who also used more landmarks than heterosexual men. There were no differences in navigation strategies between heterosexual and homosexual women. ANCOVA models demonstrated that the normative sexual dimorphism in cardinal direction usage becomes nonsignificant when differences in spatial ability (Mental Rotation), right-left orientation (Money road map), and general intelligence (Vocabulary scores) are taken into account. These results imply that if men and women do not differ on these cognitive variables, then they would also not differ in the use of orientation-based strategies. In contrast, differences between the groups in landmark usage were not affected when differences in these cognitive variables were taken into account (i.e., the Sex ϫ Sexual Orientation interaction remained).
These findings are consistent with a large body of work using several types of spatial navigation paradigms that demonstrate a robust male bias in using orientation strategies and a robust female bias in using landmarks (e.g., Choi & Silverman, 2003; Dabbs et al., 1998; Galea & Kimura, 1993; Moffat et al., 1998; Sandstrom et al., 1998; Saucier et al., 2002; Silverman et al., 2000) . They also confirm Dabbs et al.'s (1998) finding that women use left-right directions as part of an overall landmark strategy during navigation. Further support was found for the observation that maletypical orientation strategies may result from other facets of spatial and general cognitive ability, whereas female-typical landmark strategies do not derive from these same cognitive processes (Choi & Silverman, 2003; Dabbs et al., 1998; Galea & Kimura, 1993; Moffat et al., 1998) . However, given the limited set of cognitive abilities examined here, a range of cognitive subprocesses may certainly relate to landmark strategy (e.g., female-typical visual memory skills).
The present data reinforce an increasing body of work demonstrating robust cross-sex shifts in the performance of homosexual men on specific aspects of spatial cognition, such as mental rotation, spatial perception skills, and spatial location memory (e.g., Gladue et al., 1990; Neave et al., 1999; Rahman & Wilson, 2003b; , whereas homosexual women do not demonstrate such shifts within this cognitive domain (Neave et al., 1999; Wegesin, 1998; cf. Rahman, Abrahams, & Wilson, 2003 , using nonspatial verbal fluency tasks). The strategy-specific sexual orientation effect shown here supports the view that sexual orientation-related differences in cognitive function are component specific rather than representing global shifts in either male-or female-typical directions. It appears that homosexuals of both sexes possess a mosaic-like profile of male-typical and femaletypical neurocognitive features. Inspection of Table 2 could be taken to suggest that homosexual men appear to produce a greater frequency of statements overall (the summed frequency measure), further implicating a mosaic of male and female strategies. However, this may well be due to elevated verbal ability (or verbosity) among homosexual males generally. In addition, although Vocabulary test scores were controlled for in the current work, future studies must partial out verbal ability using measures of language production (such as letter and category fluency).
It is perplexing why a sex difference was not demonstrated on spatial location memory, given one report of a female advantage on the task used here (McBurney et al., 1997) . It is possible that the current sample may be anomalous in some respects as shown by the male advantage found for Vocabulary test scores. However, it was not anomalous in other domains. A strong sex effect was demonstrated for another sexually dimorphic task: mental rotation. Alternatively, the Spatial Location Memory Test itself may not be a robust elicitor of sex differences. McBurney et al.'s report is the only one demonstrating an effect with this task, and it comprises a number of cognitive components, such as visual scanning, motor speed, and spatial working memory, which may mask sex effects. The differentiation of male versus female cards also did not result in the expected sexual dimorphism. This finding is not unprecedented because previous work using experimentally controlled object location paradigms produce null effects or male advantages as a function of the component process examined (e.g., Dabbs et al., 1998; Postma, Izendoorn, & De Haan, 1998) . Postma, Jager, Kessels, Koppeschaar, and Van Honk (2004) have reviewed the issue of sex differences in selection forms of spatial location memory and concluded that the purported female superiority is highly circumspect because men in fact perform better when metric components are explicitly examined in tasks.
The current findings could suggest that the origins of landmarkbased strategies during navigation in heterosexual women and homosexual men may derive from similar proximate sources. Several studies have demonstrated an association between lower finger length ratios, which is a marker for greater exposure to prenatal testosterone (Lutchmaya, Baron-Cohen, Raggatt, Knickmeyer, & Manning, 2004; Manning, 2002) and homosexuality in men and women (Rahman & Wilson, 2003c; Robinson & Manning, 2000; Williams et al., 2000; cf. McFadden & Shubel, 2002) . Moreover, prenatal gonadal hormones are already implicated in spatial navigation in animal models, with castrated male rats performing less well on the radial arm maze than controls, whereas female rats treated with estradiol benzoate perform better on this test than controls (Williams, Barnett, & Meck, 1990) . Finger length ratios are also significantly related to place-learning performance in human females, including the latency to find a hidden platform in a human analogue of the water maze task and spatial navigation recall (Csatho et al., 2003) . A primary role for the hippocampus in navigation and other components of spatial memory has been shown in both humans and animals (Kessels, De Haan, Kappelle, & Postma, 2001; Morris, Garrud, Rawlins, & O'Keefe, 1982) . If the established neural correlates of navigation are considered in relation to the current data presented here and previous work linking prenatal gonadal hormones to navigation performance, it is plausible that the neurodevelopmental pathways responsible for navigation strategies are more different between heterosexual and homosexual men and similar in homosexual men and heterosexual women. However, although these pathways may be similar in homosexual men and heterosexual women, they are certainly not the same given the mosaicism described previously. Additionally, such similarity may not necessarily be neurobiological in origin (i.e., the evidence for prenatal hormone involvement is essentially indirect).
In conclusion, the current study has demonstrated a robust cross-sex shift in navigation strategy utility by homosexual men comparable to heterosexual women, implicating similar neurodevelopmental pathways for this ability. The large effect size for this difference also indicates that the finding is not trivial and highlights the importance of factoring sexual orientation into future work in which sexually dimorphic neurocognitive functions and its subprocesses (e.g., strategies) are examined.
